Objectives: To evaluate the efficiency and effectiveness of Orthodontic treatment in the National Health Service (NHS) hospitals in England and to identify factors that may be predictive of the duration of Orthodontic treatment and number of patients' visits. Design: Retrospective service evaluation. Setting: The orthodontic departments of two NHS hospitals. Methods: The data were collected from the clinical notes, the hospital data base and the pre-and post-treatment study models of 70 patients who were treated with fixed appliances. The pre-and post-treatment models were assessed using the Index of Orthodontic Treatment Need (IOTN) and the Peer Assessment Rating (PAR) index. Results: (1) 98.5% of the patients treated with fixed appliances in both hospitals were in definite need for treatment, (2) The mean percentage PAR score reduction was 81.5%, (3) The mean treatment duration was 27 months with an average of 21 appointments, (4) Factors increasing treatment duration included being a female patient, class I malocclusion, IOTN 5, extractions, prescribing headgear wear, using functional appliances or quadhelixes and increased number of missed appointments, (5) Factors reducing the treatment time were male patients, class II or class III malocclusions and an increased number of emergency appointments. Conclusions: The hospitals demonstrated a high standard of orthodontic treatment.
Introduction
Orthodontic treatment outcome should be assessed in terms of effectiveness and efficiency. Since no treatment strategy works flawlessly all the time, effectiveness should be measured in terms of the average amount of improvement; or in clinical investigations, the proportion of patients with outstanding, good and poor results. Effective treatment should result in a great improvement and a high proportion of patients with an excellent result. Efficiency reflects how much benefit a patient gets in relation to the costs and hazards of treatment, with the term 'cost' meaning more than just money. There are also other aspects that can affect both the patient and the orthodontist, such as treatment duration, number of appointments and emergency visits to manage problems. Efficient treatment should result in great benefits with minimal cost and insignificant risks (Ackerman 2004) .
It is essential to use valid and reliable measures of outcome to obtain data on treatment efficacy (DeGuzman et al. 1995) . A useful and a quite simple measure which may be used for orthodontic outcomes research is an occlusal index (Templeton et al. 2006 ). Many indices have been established with the purpose of classifying malocclusions into different groups, based on the priority and need for treatment (Salzmann 1968; Summers 1971; Linder-Aronson 1974; Lundström 1977; Brook and Shaw 1989) . The Peer Assessment Rating (PAR) Index and the Index of orthodontic treatment need (IOTN) are used extensively in the United Kingdom as orthodontic audit tools. They have provided valued information on the quality of the general dental service (GDS) orthodontics (Brook and Shaw 1989; Richmond et al. 1992a) .
Even though average treatment durations of 1-2 years are considered normal, the effort to decrease orthodontic treatment time continues (Turbill et al. 2001) . Currently, there are no established national guidelines as to what a gold standard for treatment duration is (Parbatani et al. 2010) . In a study by Fink and Smith (1992) , they concluded that the source of variation in treatment duration was the time spent in finishing by individual practitioners. Kelly and Springate (1996) examined the results of fixed upper and lower appliance orthodontic treatment from 10 specialist practitioners. They found that the mean treatment duration was associated with the use of extra-oral forces. McGuiness and McDonald (1998) found that the change of operator could result in significant increase in treatment duration in fixed orthodontic appliance treatment with an average of 8.43 months. However, no significant differences were found regarding the quality of orthodontic treatment results, as measured by the PAR Index. Turbill et al. (2001) conducted a retrospective study to detect the factors which affect the duration of treatments in NHS practices. They found that factors which can increase treatment duration were treatment by using fixed appliances, extractions of premolars, several stages in the treatments and improvement of anteroposterior buccal occlusion. Other factors like age, buccal segment malocclusion, IOTN grade 5 and orthodontically qualified practitioners were also linked with slightly longer treatments. They concluded that treatment duration may be affected by the complexity of malocclusion and the careful treatment approach.
Orthodontists have always searched for mechanisms of improving treatment efficiency by reducing the orthodontic treatment time and the length of orthodontic appointments as well as getting the best possible treatment results (Stolzenberg 1935) . Accordingly, the purpose of this retrospective study was to evaluate the efficiency and effectiveness of orthodontic treatment in National Health Service hospitals in England with the following specific objectives: (1) treatment outcome in terms of quality (as measured by the PAR index), duration of treatment and number of patient visits during treatment; (2) treatment outcome compared between patients treated with and without extractions, using the PAR index; (3) factors that can be linked with and may be predictive of the treatment duration and number of patient visits. The null hypothesis was that there was no difference in outcome between patients treated without extractions and those treated with extractions.
Materials and methods
The materials for this study consisted of the hospital notes and pre-and post-treatment study models of 70 randomly selected patients from a hospital data base treated with fixed appliances within the orthodontic departments of Guy's and St Thomas NHS Foundation Trust and King's College Hospital NHS Foundation Trust. A total of 30 patients from the former hospital and 40 patients from the latter were investigated. The subjects were either patients whose active treatment was completed but were still in retention; or patients who were discharged from the orthodontic department after finishing active treatment. For this reason, the study was an audit as treatment was not modified. Exclusion criteria included patients who needed orthognathic surgery as part of their treatment and those with cleft lip and/or palate or other craniofacial syndromes. At both sites, the following details of patients were obtained from the orthodontic patient database and the hospital notes: (1) Date of birth and age at the commencement of treatment; (2) gender; (3) malocclusion; (4) orthodontic treatment and appliances provided; (5) the date the patient was accepted for Orthodontic treatment and placed on the waiting list; (6) date of beginning of treatment; (7) date of completion of treatment; (8) dates of discharge/last review; (9) number of appointments during treatment; (10) Number of Emergency appointments/missed and rescheduled appointments; (11) number of operators during treatment; (12) retention regimen and how often the patients were seen during the retention period. Each patient's IOTN was assessed by using the patient's notes and pre-treatment study models. The PAR scores of the initial (pre-treatment) study models and that of the final (day of debond) study models were obtained which will give an indication of the quality of treatment. The PAR scores were obtained by the use of the PAR transparent ruler (Richmond et al. 1992a ).
Statistical analysis
The repeatability of the PAR scores was tested by rescoring 20 study models randomly picked and analysed at two-time points 2 weeks apart by a trained and calibrated assessor. The intra-examiner reliability was assessed by calculating both the intraclass correlation coefficient, ICC, for individual ratings using a random effects model Wong 1996a, 1996b) , and the Bland-Altman 95% limits of agreement, LOA (Bland and Altman 1986) .
As the number of treatments and treatment duration are non-negative count variables, Poisson regression was used to evaluate the effect of the prognostic variables (Long and Freese 2014) . The results are expressed in terms of the incidence-rate ration, IRR, and its associated 95% confidence interval. For categorical variables, the IRR is calculated relative to a base level; if IRR = 1 then the prognostic variable has no effect of the dependent variable, if IRR > 1 then the prognostic variable is related to an increase in the dependent variable and if IRR < 1 then there is a decrease. Stata statistical software (Release 13. College Station; TX: StataCorp LP) was used and statistical significance was set at the 5% level.
Results
The intra-examiner agreement was high (≥0.99) and systematic errors assessed with the Bland-Altman plots (Bland and Altman 1986) included no clinically relevant discrepancies demonstrating a high level of reliability (Table 1) . Table 2 shows information regarding age, sex, initial malocclusion as per the incisor classification, treatment need, treatment modality, number of operators during treatment and the retention regimen. Table 3 contains information on the average waiting list duration (134.2 ± 97 days), the average treatment duration (823 ± 240 days), the number of appointments during treatment (20 ± 5.7), total retention time (307 ± 165), number of retainer review appointments (2.5 ± 1), number of broken or rescheduled appointments during treatment (5.4 ± 4) and the number of emergency appointments (1.8 ± 1.4). Table 4 shows dento-occlusal changes due to treatment as measured by the PAR index. The mean percentage improvement is 81.5% with 68.5% of cases being 'greatly improved' and 30% of cases being 'Improved'. Only 1.4% of cases fell into the 'Worse or no different' category.
There was no statistical difference between the nonextraction and extraction groups in terms of PAR score reduction (Table 5) . Table 6 shows the differences in the number of appointments with sex, IOTN, extraction and using different treatment methods.
Extractions had a significant effect on the number of appointments during treatment (P = .01) compared to patients treated with no extractions where the IRR was 1.16 indicating an increase in the number of appointments with increased extractions in patients.
There was no significant difference in the number of appointments between males and females (P = .20) in the different groups of malocclusion or in the IOTN. Appliance type, whether quadhelix, functional appliance or headgear had no significant effect on the number of appointments. Only treatment by expose and bond/ traction of ectopic maxillary canine showed a significant effect on the number of appointments (p = .02).
All the variables had statistically significant effects on the treatment duration. Males were associated with reduced treatment durations when compared to females (IRR = 0.95). Similarly, class II and class III malocclusions were associated with a reduction in treatment time compared to class I. On the other hand, patients who had IOTN 5 and those who had extractions were associated with an increase in treatment time. Treatment by headgear, quadhelix, functional appliance or expose and bond of ectopic maxillary canine was associated with increased treatment duration ( Table 7) .
There was a significant effect on the treatment duration with the increased number of broken, rescheduled and emergency appointments. However, increased number of missed appointments during treatment was associated with an increase in the treatment duration while a reduced number of emergency appointments were shown to increase treatment time (Table 8) . 
Discussion
The records of 70 of patients were randomly collected from Guy's hospital and King's College hospital. In order to reduce selection bias around 30% of the patient records were collected from third-year postgraduate students who had just completed active orthodontic treatment. Students in each hospital gave us lists of their patients who finished orthodontic treatment and we selected every other patient in each list to be included in the research. A further 30% were collected from consultant clinics. Those are usually patients that the consultants complete their retainer review appointments after students have finished their training. They were selected randomly by including all the patients who were seen in a specific week if they fulfilled the selection criteria. The remaining patients were selected from the laboratory diary where appointments for removing the fixed appliances and fitting retainers were made. Again, this was done by choosing all the patients that had their fixed appliances removed in a specific week 3 months earlier than the beginning of the research. These patients were included in the research if their records showed that they fulfilled the selection criteria. This was carried out as bias may be introduced when only cases with better results are introduced for evaluation. For the sample size calculation, with Poisson, and similar generalised linear model regression, the power calculation is in terms of differences between coefficients in the regression model rather than explicit differences (for example, comparison of mean values). In this study, we have several predictor variables, each of which has several values so sample size calculation could not be performed. This is a retrospective study using all the available data from the two hospitals and the analysis is limited to these hospitals. Sample size calculations for this type of experiment have not been reported in the literature, but the sample size is larger than that used by McGuinness and McDonald (1998) although smaller than that of Turbill et al. (2001) . Table 3 . Waiting list duration, treatment duration, number of appointments during treatment, retention duration, number of visits during retention, number of broken/rescheduled appointments and the number of emergency appointments. Note: Difference = mean (non-extraction) − mean (extraction); P = .1338. This was a retrospective study because we were assessing waiting list duration, treatment duration and duration of retention in both hospitals, which limited our ability to do this research prospectively. The most common retention regimen in this investigation was found to be upper and lower Essix retainers. The increased use of Essix retainers especially in the lower arch can be explained by the available evidence. In 2007, a randomised clinical trial showed significantly greater changes in irregularity of the incisors in the Hawley group than in the Vacuum-formed retainers (VFR) group at 6 months. The differences were 0.56 mm in the mandibular arch and 0.25 mm in the maxillary arch ). VFRs were also found to be more cost-effective than Hawley retainers . In this study, retention duration was measured from the 'date of end of treatment/beginning of retention' until the 'date of discharge/last review', where the retention duration was found to be an average of 10 months with two review appointments during this period. According to a survey carried out in the UK in 1997, the most commonly used retention period was 12 months (Clark et al. 1997) . In general, at present, there are insufficient research data on which to base our clinical practice on retention (Littlewood et al. 2006) .
The mean percentage PAR score reduction in this study was 81.5% with only 1.4% of cases falling into the 'Worse or no different' category. This result is an improvement compared to other studies. In one study on orthodontics in the hospital service, 75.5% reduction in PAR scores was found when two-arch fixed appliance therapy was used in 17 hospitals in England and Wales (O'Brien et al. 1993) . In another retrospective study in 1999, the mean percentage PAR score reduction was 71.7% (Turbill et al. 1999 ). However, due to the large sample size in the previous two studies, we should be cautious about drawing conclusions compared to this one. One drawback with selecting completed cases is that discontinued cases are not included in the study sample. One of the greatest risks of orthodontic treatment is a failure to complete treatment. Accordingly, the rate of discontinuation should be evaluated when assessing the treatment outcome (Shaw et al. 1991) .
There were no statistical differences in the outcome of orthodontic treatment in patients treated with extractions compared to that of patients treated without extractions using the PAR index. Our findings agree with Holman et al. (1998) , who found that both the extraction and non-extraction groups were statistically identical at the end of treatment in terms of percentage reduction in PAR scores. In the context of this study, the waiting time for treatment was measured from 'The date of diagnosis' which was defined as the date the patient was placed on the waiting list for orthodontic treatment until 'The date of beginning of Orthodontic treatment' which is the date the patient was booked with the operator for treatment. The mean duration the patients were on the waiting list for treatment was around 4.4 months. Treatment duration was measured from the beginning until the end of orthodontic treatment, where, the end of treatment was defined as the date of removal of the fixed appliances and beginning of retention regimen. In this study, the mean treatment duration was 27 months with an average of 21 appointments during treatment. This treatment time is much longer than the 13 months treatment duration that was suggested earlier by Turbill et al in cases completed in NHS practices in England and Wales (Turbill et al. 2001) .
We tried to identify factors that may be predictive of the duration of Orthodontic treatment and number of patient visits. Variables such as gender, malocclusion and IOTN have been reported to affect treatment duration, where class II division 1 and class II division 2 malocclusions and female patients were linked to lengthening the treatment time (Taylor et al. 1996; Vig et al. 1998) . We had similar findings with regard to gender, but Class II and class III malocclusions were associated with reduction in treatment time compared to class I. However, in previous studies, they were classifying malocclusion according to the molar relationship unlike this study where we used the incisor classification. An increase in duration with starting IOTN of grade 5 was found in a previous study (Turbill et al. 2001) , which confirms what was found in this investigation. Our findings concerning extractions also concur with others (Vig et al. 1990; Fink and Smith 1992; Turbill et al. 2001) . This may be due to that extractions tend to be associated with the treatment of more severe discrepancies and that treating cases without extractions avoids the need for closure of residual spaces. Fink and Smith (1992) found extraction of teeth for orthodontic treatment to be the most significant of their 18 variables in the explanation of treatment time variation. Their analysis concluded that 0.94 months of treatment was added per extracted premolar. Our findings also parallel others in that headgear wear is linked to longer treatment duration (Beckwith et al. 1999; Turbill et al. 2001) . Using a removable functional appliance or a quadhelix usually entails having two stages of orthodontic treatment and this was shown to significantly increase the treatment duration in this study. Multiple treatment stages have been linked to longer duration in other studies as well (Vig et al. 1990; Beckwith et al. 1999; Turbill et al. 2001) . We also tried to identify the variables which would influence the number of scheduled appointments during treatment. The results of this study showed that treatment involving extractions was the only variable associated with increased number of appointments. There were no studies with which the present results could be compared.
The findings in the present investigation support the observations made by Beckwith et al. (1999) that missed appointments exhibited a statistically significant correlation with treatment time. They also found in their study that each failed appointment was associated with a little over 1 month additional estimated time in treatment. Missed appointments may be considered as a measure of overall patient compliance as patients with missed appointments are more likely to exhibit other forms of noncompliance, such as lack of headgear or elastics wear and increased appliance breakage.
On the other hand, in this investigation, we found that reduced number of emergency appointments was shown to increase treatment time. This may be explained by the fact that the orthodontist would use the scheduled appointment to deal with the patient's problem instead of proceeding with the orthodontic treatment.
Limitations
There are a number of limitations of this study, including the small sample size, retrospective design and potential bias. In addition, only a small number of patients fell into certain categories, such as adults and patients with impacted canines that were surgically exposed, patients who were treated with removable appliances or rapid maxillary expansion, which limited the predictive ability of examining these variables. Many other variables could have been examined that have the potential to influence orthodontic treatment duration and the number of appointments during treatment such as the individual features of malocclusion or tooth movements.
Conclusions
Based on the results of this study, the following conclusions may be drawn:
(1) A total of 98.5% of patients treated with fixed appliances in secondary care were in definite need for treatment on dental health grounds; (2) The mean percentage PAR score reduction was 81.5% with only 1.4% of cases falling into the 'Worse or no different' category; (3) The mean duration on a waiting list for treatment was around 4.4 months, the mean treatment duration was 27 months with an average of 21 appointments during treatment; (4) Factors increasing treatment duration included:
. Female patients, Class I malocclusions, IOTN 5, treatment involving extractions, prescribing headgear wear during orthodontic treatment, the use of functional appliances or Quadhelixes, Increased number of missed appointments; and (5) Factors reducing the treatment time were male patients, class II or class III malocclusion and an increased number of emergency appointments.
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